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SUMMARY

GENERATION

An experimentalinvestigationwasconductedin orderto determine
theeffectofjettemperatureonjet-noisegeneration.Jetpressure

q ratiosfrom1.3to 1.9andtemperaturesfrom80°to 1000°F wereused.
g Resultsshowedthatsoundpowercanbe adequatelypredictedbytheLight-

hillparsmeterbasedonambienttemperatureovertherangeoftempera-
turesinvestigated.Thedimensionlessfrequencyspectraofthejetwas
showntobe affectedby temperature;increasingjettemperatureresulted
ina shiftofacousticenergyfromhighto lowStrouhalnumbers.shifts
intheJetspectrawereexplainedonthebasisoftheeffectoftempera-
tureonthespreadingcharacteristicsoftheJet,anda methodofcor-
rectingthespectraforjettemperaturewaspresented.
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INTRODUCTION

Thefar-fieldnoiseof jetsandjetengineshasreceivedconsider-
attentioninrecentyears(refs.1 to 9). A surveyofthelitera-
indicatesthattheeffectoftemperatureisnotas immediatelyevi-
astheeffectof jetvelocity.Thetemperatureeffectmaybe sig-

nificantbecausethetemperaturerangeofinterestisquitelarge.It
wouldbe desirabletoknow,forinstance,whethercold-model-jettests
willcorrectlysimulateturbojetandrocketnoise.

Reference4 indicatesthatjettemperaturehasa negligibleeffect
on soundpressureat a singlepointinthesoundfield.Esrlyexperi-
mentswithvariousgases(ref.5) showedthatsoundpressurevarieslin-
earlywithjetdensity.Sincejetdensityvsriesinverselywithtempera-
ture,soundpowerwouldbe expectedtovaryinverselywiththesquareof
thetemperature.Fora firstapproximationonemightexpectthatthe
variationofjetdensityeitherby theuseoftemperaturevariationor
by theuseofgasesofvariousmolecularweightsshouldgivesimilar
results.However,theexperimentsofreference3 indicatethatdata
frombothfull-scaletestswithjetenginesandsmallcold-airjetscan

* be correlatedonELtotal-sound-powerbasisandthatno significanteffect
ofjettemperaturewasobserved.

*
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Theoreticaltreatmentsoftheeffectofjettemperaturealsoshow ?.
a considerablediversityofconclusions.Sucha treatmentby Lighthill
(ref.6)indicatesthatsoundpowervariesinverselyasthesquareof
thejettemperature;whereastheanalyticaltreatmentofreference7 in-

Q

dicatesthata largeeffectis-possible,thatis,thatsoundpowervar-
iesasthereciprocaloftemperaturetothe6.6power.

Inviewoftheconsiderabledivergenceofexperimentalandtheoreti-
calresults,a studyofthetemperatureeffectonsound-powergeneration
of jetswasconsiderednecessary.Thisreportcoversan investigation +
ofthesoundpowergeneratedby a smalljetovera rangeofMachnumbers E
up to 1.00andjettemperaturesfrom80°to 1000°F. Thisworkwascon-
ductedattheNACALewislaboratoryaspart-ofa programofstudyon jet
noiseandmethodsof suppression. —

APPARATUSANDPROCEDURE

A schematicdiagramofthetestsetupisshowninfigurel(a). In
orderto eliminatethepossibilityofcombustionnoisethatcouldpropa-
gateoutthroughthenozzleandcontributetothejetnoise,theairwas
heatedindirectlyby meansofa heatexchanger.Hotgaswassuppliedto
thehotsideofthecounterflowexchangerby meansofa propanecombus-
tor. Mufflerswereusedupstreamofboththehot-gasandairsidesof
theheatexchangertominimizepipingandvalvenoise.Theexhaustgas
fromtheexchangerwasductedfora considerabledistanceawayfrcxnthe
jettoeliminateanycontributionofexhaustnoisetothemeasurements
ofthejetnoise.

Jettotaltemperatureandpressureweremeasuredinthelargesec-
tionupstreamofthenozzle.By usingthesr~angementshown,thejet
totalpressurecouldbe heldto+0.1inchofmercuryandthejettotal
temperatureto&o. Testswereconductedovera rangeofnozzletotal
pressuresfrom9 to 27 inchesofmercuryaboveatmosphericpressure
(pressureratiosfrom1.3to 1.9)in3-inchincrements.Foreachpres-
sureratiothejettotaltemperaturewasvariedfrom200°to 1000°F in
200°F increments.Onesetofdatawasalsotakenwithcoldairat ap-
proximately80°F. -.

—

Figurel(b)showsa photographofthetestapparatus.tienozzle
waslocated7 feetabovethegroundplane.Allacousticmeasurements
weremadeina plaueparallelto thegroundatthejetcenterline.A
small(5/8-in.diam.)condensermicrophonewasmountedona rotating
surveyarmas shown.Acousticmeasurementsweremadeoneithersideof
thejetaxisin 15°incrementsfor105°.Allmeasurementsweretakenat
a radiusof7 feetfromthejetexitwiththemicrophonefaceinthehori-
zontalplane.Sound-pressurespectradatawereobtainedwithan automatic .ti.
frequencyanalyzer’andrecorder.At eachmicrophonelocationsound —



NACATN 4217 3

.

pressureswereobtatnedin l/3-octavebandsformidfrequenciesfrom40
to 16,000cyclespersecond.Severaladditionalrunsweremadewitha

● modifiedfrequencyanalyzerandrecorderthatextendedtherangeto
31,500cyclespersecond.Thesensitivityofthemeasurementsystemwas
standardizedat400cycleswitha smallloudspeaker-typecalibrationand
transitoroscillator.

A calibrationofthemicrophoneusedintheinvestigationisshown
infigure2. Allthespectrumdatapresentedhereinhavebeencorrected
formicrophonecharacteristics.Theover-allsound-pressurelevelswere
obtainedfroma summationofthecorrectedspectrumdata.

Thesoundpowerradiatedfromthenozzlewascalculatedfrcmthe
sound-pressurelevelsby thegeneralmethoddescribedinreference8.
Becausethenozzlesizewassmall(9/16-in.diam.),winddirectionand
velocityhada considerableeffectonthejetandresultedin ~storted ,

A soundfields.Testsmadeondifferentdaysshowedthatlocalsound-
% pressure-levelvariationsmightbe ashighas+3 decibels.However,the
e sound-powerlevelsvsriedlessthan*1 decibel.Thesoundpowershould
q havelessvariation,sinceitresultsfroman integrationoverthewhole
B soundfield.No dataweretakenwhenwindvelocitiesexceeded10miles

perhour. Datatakendirectlydownstreamofthenozzlewerenotusedin
thecalculationsbecauseof errorsresultingfromtheeffectsofjetim-- pingementonthemicrophone.

“4
RESUITSANDDISCUSSION

Theresultsoftestswithsubsoniccold-airjets(refs.2 and9)
haveindicatedthatsoundpowercanbe correlatedbymeansoftheLight-
hillparsmeterp&V8/a~ where p isdensity,A istheexitareaof
nozzle,V isjetveloclty,and a isthespeedof sound.Thesubscript
O referstoambientconditionsofthemediumintowhichthejetisdis-
charging.Thetestsofreferences2 and10wereconductedwithset
totaltemperaturesverycloseto ambientand,sincethejetsweresub-
sonic,thestaticpressureinthejetmustbe thessmeasambient.The
soundpowersforallJettemperaturesandpressureratioswerecalculated
andplottedagainsttheLighthillparameter(fig.3). Thecorrelation
appesrstobe excellent,andno effectof Jettemperatureisevident.

Moreover,theagreementbetweenthepresentdataandtheresults of
reference3, shownby thecurve,indicatesthattherelationbetween
soundpowerandtheLighthillparemeterp#@/a~ holdsfora wide
rangeofjetsfromverysmalljets,bothhotandcold,up throughseveral
sizesof Jetengines.

● It shouldnotbe assumedfromthis,however,thatjetdensityhas
noeffecton jet-noisegeneration,sincesuchaneffectis shownin

\
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references5 and6. Rather,thetemperature,whilereducingjetdensity,
.

mustbe assumedto somehowincreasenoisegenerationina mannerthat
almostexactlycounteractsthedecreasein jetdensityassociatedwith ●

temperature.

Thespectraldistributionofsoundpowerforseveralconditions
coveringthewholerangeofthedataisshowninfigure4,wherecor-
rectedpo’Werlevelisplottedasa functionofthedimensionlessparsm-
eter,Strouhalnumber(frequencytimesdismeterdividedby jetvelocity).
Theuse ofStrouhalnumberforthecomparisonof spectraIswellrecog- :–
nized(refs.3 and11). Theshapeofthespectrainfigure4 appears m
tobe independentofMachnumber(pressureratio)buttovaryslightly

o-l

withtemperature.Thehigh-temperature(1000°F) spectrapeakat a
slightlylowerStrouhalnumberthanthelow-temperaturespectraandfall ——
offmorerapidlyathighStrouhalnumbers.

—

ThenegligibleeffectofMachnumberontheshapeof
isshowninfigure5(a),wherethecurvesfortheminimum
mum (1.9)pressureratioscoincide.

Theshiftinenergyfromhighto lowStrouhalnuder

thespectrum
(1.3)andmaxi-

withincreasing
temperatureisclearlyillustratedinfigure5(b),wheredataoffigure–
4 arereplottedas cumulativesoundpower(powerbelowa givenfrequency)
as a functionofStrouhalnumber. ●

A comparisonofthecold-airspectrawiththoseofreference3
showsexcellentagreement.Thenozzlesizesofthetwosetsofdataare w.
vastlydifferent;buttheflowsaregeometricallysimilar,andhencethe
dimensionlessspectraaresimilar. The dataatthetwotemperatures,
90°and1000°F, yieldtwoseparatecurves.Theintermediatetemperature
datafellbetweenthetwocurves,buttemperaturedifferenceslessthan
400°F werenotrecognizablebecauseofdatascatter.Theresultsof
figureS(b)clearlyshowthattheStrouhalnumbercorrespondingto the

—

50-percentpowerpointshiftsfromapproxi~tely0.24to 0.18asthetem-
peratureincreasesfrom900to 1000°F. Theshiftinenergyfromhigh
to lowStrouhalnumbermaypossiblybe theresultofincreasedspreading
rateofhotjetsascomparedwithcoldjets.CorrsinandUberoi(ref.
10)haveshownthat,at 15diametersdownstreamfromthenozzle,a 1000°F
jethasa spreadofmomentum1.3timesthespreadofa 90°F jet(ref.10, “
fig.is). TheratiooftheStrouhalnumbersat50-percentcumulative
acoustic power(fig.S(b))forhotandcoldjetswasalsoapproximately
1.3. Thisresultindicatesthatthechangeinspectrumcanbe estimated
fromthechangeinspreadingrates.

Thepreviousdiscussionofthecorrelationofsoundpoweragainst
theLighthillpar~eter p&V8/a~ mentionedthatthegoodcorrelation
probablyresultsfromsomeeffectoftemperatureonthejetmixingchar-
acteristicsthattendsto counteracttheeffectof temperatureon jet
density.Reference6 suggeststhatdatafora hotjetmightcorrelate
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*
by using the p-ammeterp~A@/pOa~.Theincreaseineffectivediameter

4
at anypositiondownstreamoftheexitrepresentsjust suchan effect,
sincethecharacteristiclength,thatis,diameter,intheLighthillpa-
rameterisincreasedwhilethedensityisdecreased.An estimateofthis
effectcan%e madefromtheresultsofreference10and,fortherange
oftemperaturesofcurrentinterest,thecompensatingeffectoftempera-
tureondiameterwouldappearto almostcancelouttheeffectofde-
creasingdensitywithincreasingtemperature.Thisresultappearsquali-
tativelycorrect,butit cannotbe verifiedwithoutdetailedturbulence
measurementsina hotjet.

CONCLUSIONS

An experimentalinvestigationto determinetheeffectof jettemper-
atureonjet-noisegenerationwasconductedfora rangeof jetpressure
ratiosfrom1.3to 1.9andtemperaturesfromSOOto 1000°F, andthefol-
lowingresultswereobtained:

1.Thesoundpowercanbe adequatelypredictedbytheLighthill-pa-
rameterbasedonsxibienttemperatureovertherangeof’temperatures
investigated.

v
2.Thedimensionlessfrequencyspectraofthejetwasaffectedly

temperature.Increasingjettemperatureresultedin a shiftofacoustic
● energyfromhighto lowStrouhalnumbers.

3.Shiftsonthejetspectrawereexplainableonthebasisofthe
effectoftemperatureonthespreadingcharacteristicsofthejet,anda
methodofcorrectingthespectraforjettemperaturewasshuwn.

LewisFlightPropulsionIkboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,December6,1957
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